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Abstract 
The problem of GMM is applied to various fields, such as analysis of biometrics, the voice model in speech 
recognition, and picture information, and noise removal.   A location parameter expresses a position and a scale 
parameter expresses a measure. A density function with a location parameter and a scale parameter is called location 
scale density function. A normal distribution is a location scale density function which makes an average a location 
parameter and has standard deviation as a scale parameter.  Ｗavelet analysis is investigating a relation with an 
observation signal using a scale parameter and a transformer rate.  
The analysis of GMM which is a statistics model expressed by linear combination of a gauss basis function is tried 
using Wavelets Analysis. 
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1. Introduction 
Although the data observed from a nature is mixture of many data groups of case different species, it is 
not an overstatement.  Therefore, we need to extract a component data group appropriately, where the 
structure is saved.  As for observational data, such as existence of the resistant bacteria in the clinical 
bacteriological examination to the problem of environmental electromagnetic waves, sound data, the fish 
catch data classified by age of marine resources, pollen dispersal data, and medical supplies, the analysis 
of gauss mixture distribution is often needed.  A mixed distribution model is a stochastic model which 
enabled it to express a more complicated function form by combining some stochastic models.  
Also when it is going to model a natural phenomenon, a social phenomenon, etc., and parent population is 
not uniform, it exists mostly -- it is observed that the phenomenon very complicated as a result has 
happened, and modeling is sometimes difficult. 
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2. Formulization of a gauss system wavelet and GMM (gauss mixed model) 
2.1 Formulization of GMM (gauss mixed model) 
GMM (Gaussian Mixture Model) is a statistics model expressed by alignment combination of the Gauss 
basis function, and is a technique often used by speech recognition etc. GMM consists of n normal 
distributions and mixed dignity iω  of each distribution, mean iµ , and distributed iσ can express it.   
  A density function with the scale parameter which expresses a measure as position is called location 
scale density function. It is a location scale density function which makes a normal distribution and an 
average a location parameter and has standard deviation as a scale parameter. 
( )
( )
( ) ( )
2
22
1 1
1 1, 2 , , 1, 0 , , 1, 2 , ,
2
ixn n
i i i i i i
i ii
f x e i n i n
µ
σω ω ω ω µ σ
pi σ
−
−
= =
 
= = = ≥ =  ∑ ∑⋯ ⋯
      (1) 
2.2 Wavelets Analysis 
Wavelets analysis is investigating a relation with an observation signal 
use
( ) ( ): Mother wavelet
: Scale parameter   ( expands to a time base direction)  : Transformer   (parallel translation to a time base direction)  
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Scale parameter: Elasticity Expansion dilation    
Transformer rate: Parallel translation, move basis function Mother wavelet on a shift time-axis (it is with 
the Mother wavelet of a gauss system this time.)  
( )f x is Signal function, ( )x b
a
ψ  −   
Wavelet transform is as follows when it is considered as a wavelet.   [2] 
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At (3), ( )f x is (1) type is substituted.  Moreover, let the wavelet function to be used be the following 
gauss of  the first order(3), or a gauss  wavelet function of the second order (Mexican hat) (4).  
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These become the first order of a gauss wavelet function, and the second order differential coefficient. 
3. Analysis by continuation wavelet transform 
3.1 Analysis of a normal distribution 
A normal distribution function is considered as a generality. 
It is expanded and contracted by the parameter a parallel translation of the wavelet function is carried 
out by the parameter b.  In the frequency function of a normal distribution, since there is mean value in 
that the maximum is given, the differential coefficient of the first order in there is set to 0. 
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Moreover,  the position of standard deviation x µ σ= ±
. 
The point which differential coefficient of 
the second order of the function is equal to 0 is a position of the point of inflection. 
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The character to be a location scale density function which makes a normal distribution and an mean a 
location parameter and has standard deviation as a scale parameter. The analysis of GMM is tried using 
the wavelet analysis which makes the scale parameter a (elastic expansion) transformer rate b (parallel 
translation) correspond to a basis function (Mother wavelet), and conducts signal analysis. 
First, it becomes like wavelet transform, then the following type about the normal distribution of types 
using the primary gauss type wavelet function. 
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At (7) set a and bσ µ= = a and bσ µ= =  (7) types will be set to 0 if it becomes. 
Moreover, it becomes like wavelet transform, then the following type about the normal distribution of 
types using the secondary gauss type wavelet function. 
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In (8), it is a [small enough]. b µ σ= ± It is alike, it sets and (8) types are set to 0.  In Fig. 1, a showed 
the wavelet transform by the primary gauss function of a) normal distribution curve ,by b) which showed 
the normal distribution curve, c) The wavelet transform by a Mexican hat function was shown. 
The result of Fig.1.b) -- wavelet transform is showing zero value in the point of giving mean value.  
And as a result, the value of a wavelet is in respect of mean value, and figure 1 c takes the local maximum.
,µ σ µ σ− +  It is shown that come out and the value of a wavelet has become 0, respectively. 
Fig. 1 Wavelet transform of frequency function 
a)Normal distribution curve  b)Primary gauss wavelet transform  c)Mexican hat wavelet transform 
3.2 Analysis of GMM 
A problem is a density function of observational data distribution.   ( )f x The following forms: 
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It comes out and expresses -- it is presuming the following parameter. 
The mixing rate of each element distributioniω：
    
The average of each element distributioniµ：  
Standard deviation of each element distributioniσ：
  
It carries out. Next, mixed distribution of two normal 
distributions is analyzed with Fig. 2.  Suppose from the left that they are the axial value (horizontal axis) which 
gives the contour line of 0 by a= 0 in the lowest stage of Fig.2 x1, x2, x3, and x4.  
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It becomes.   [4] 
Give easy calculation for these. 2121 ,,, σσµµ  It is equal to the position of the x-axis of the contour line 0 
of the middle of Fig. 2.  Moreover 1 2,ω ω  -- it can ask by easy simultaneous equations. 
( ) ( ) ( ) ( )1 1 2 1 2 1 2 3 4 2 4 31 1 1 1, ,2 2 2 2x x x x x x x xµ σ µ σ= + = − = + = −      (11) 
-- it can ask by easy simultaneous equations. 
It is [ this time ] easy to calculate dignityω1 and ω2 by simultaneous equations. 
Specific point alpha Value of the observational data which can be set    It carries out. 
The following simultaneous equations are realized. 
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Fig. 2 Mixed part distribution of two normal distributions  
A mean is determined from Fig.2b(middle).    Distribution can be easily read in Fig. 2c (lower berth). 
4. Determination of the scale value for specifying standard deviation 
The place where the contour line of a Mexican hat wavelet becomes 0 must be written with the position 
which gives distribution, and must determine the value of the scale parameter a for the purpose.  
Therefore, a wavelet power spectrum is used as a measure of determination.  The spectrum which a 
signal gives chooses the scale parameter which becomes the maximum, and the contour line in the 
position makes the transformer rate value to which the value of 0 is given the point which shows standard 
deviation.   
 Signal ( )x t the total-calories size boiled and contained -- the -- it defines finding the integral the square. 
( ) ( )2 2E x t dt x t∞
−∞
= =∫                    (13) 
The relative value of the signal energy in a certain scale a and position (transformer rate) b is given 
from a two-dimensional wavelet energy density function.   [1] and [3] 
( ) ( ) 2, ,E a b CWT a b=                   (14) 
Signal energy can call it the point estimate which becomes large by choosing a scale value from which 
this spectrum becomes the maximum, and making into the point estimate of a parameter the position 
where the contour line of wavelet transform becomes 0 in the neighbourhood of it. 
fα
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Fig. 3 Determination of standard deviation      Fig. 4 Mixed distribution of two normal distributions 
by wavelet power spectrum  
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5. The numerical example over a resistant bacteria 
When an antibiotic is abused, there is a danger of promoting bacterial (resistant bacteria) the revelation 
and diffusion which gained the factor which disassembles an antibiotic or is detoxified. 
The hospital infection depended without the drug-resistant strain which shows tolerance to many 
antibiotics actually poses a problem centring on the medical spot which uses an antibiotic abundantly. 
It analyzes about the distribution data of the prevention circle diameter about the data of 552 concerning 
SM (streptomycin) about the resistant bacteria inspection of the clinical examination of bacteriology as a 
numerical example of an understanding of a medical information technology, a waveform processing 
applied technology, and a pattern, composition-izing of data, or modelling of data processing. 
Breeding of a bacillus is controlled around the disk which contains an antibiotic in the experiment on a 
culture medium. 
The circular portion into which the bacillus is not breeding is called a prevention circle. 
Also when it is not an exaggeration to data observed from the natural world, often mixing of 
heterogeneous data chunks with. So must we, in state saved the structure group of configuration elements 
data appropriate to extract.  
An average, distribution, and a load parameter change as follows as a result of calculation. 
ω1=0.13      μ1=10.8    σ1=0.6 
ω2=0.13      μ2=13.0    σ2=0.6 
ω3=0.05      μ3=15.2    σ3=0.7                                                                              (16) 
ω4=0.01      μ4=17.5      σ4=0.5 
ω5=0.68      μ5=22.8    σ5=2.2  
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Fig.5 Resistant bacteria data of                                     Fig 6. Original data and approximation distribution 
streptomycin     
Although it seems that there are many methods of 
authorizing whether the frequency function which 
calculated and searched for each parameter and a mixing 
rate from data is suitable, Kolmogoroff-Smirnoff official 
approval is used here.   As for 0.01 the test statistic and for 
0.9999 p value,  conforms very as well as  a result of 
official approval. 
Fig 7.Kolmogoroff-Smirnoff  Test 
6.Conclusion 
In this research, the new solution which solves a GMM problem using continuation Wavelets 
conversion was proposed, and the validity was verified. The feature of the solution of this research is as 
follows. Continuation Wavelets conversion is used. It is easily analyzable using a contour line figure. 
After reading zero point from a graph or an output file, a solution can be calculated by easy alignment 
calculation. It is resetting the main part of experiment analysis to theoretical analysis as a future subject. 
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